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Objectives: To investigate the influence of nanoscale inorganic content over optical and
surface properties of model composites before and after ageing.

Methods: Three model composites were formulated with silica fillers in nanoscale of 7 nm
(G1), 12 nm (G2) and 16 nm (G3), at 45.5% by weight in a matrix of BisGMA/TEGDMA 1:1. Color
coordinates (CIE L*a*b* parameters), color difference (AE*), translucency parameter (TP),
surface gloss (SG) and surface roughness (SR) were measured before and after ageing
procedures of immersion in water and toothbrush abrasion. Surface hardness (SH) were
evaluated before and after immersion in absolute ethanol. Results were submitted to two-

Keywords:
way ANOVA followed by Tukey’s post hoc test performed at a pre-set alpha of 0.05.

Results: Regarding CIE L*a*b* parameters, a darkening, a redness and a blueness effect, were
respectively detected after water storage for all groups. Smaller filler sizes (G1) had the
highest CIE b* values, whereas medium (G2) (p < 0.05) had higher values than larger fillers
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(G3) (p < 0.05) either before or after water immersion. Toothbrush abrasion did not produce
any significant effect on CIE a* and CIE b* values, however increased CIE L*, decreased TP in
addition to produce rougher and matte surfaces in all groups. Filler size did not influence AE*

Filler size

(p > 0.05), although a tendency towards lower values in smaller filler materials was ob-
served. Ageing after immersion in absolute ethanol decreased SH for all model composites.
Conclusions: Filler sizes and ageing procedures influenced the optical and surface properties
of the nanostructured composites evaluated in this study.
Clinical significance: Filler size influenced optical and surface properties of resin composites.
Materials containing smaller filler size offered improved optical stability and surface
properties that can lead to longer maintenance of the restoration’s appearance in the oral
environment.

© 2013 Elsevier Ltd. All rights reserved.

surface texture and the size of a restoration may also produce
an effect on the perception of light by the observer.’™ It is
known that the surface of the restoration can be polished to a

1. Introduction

Color and appearance of teeth and restorative materials are a
complex phenomenon influenced by several factors such as
lighting conditions, translucency, opacity, scattering and light
transmission, brightness, fluorescence and opalescence. The

high gloss.>® Being an attribute of visual appearance, gloss is
directly influenced by the surface roughness’ as originates
from a geometrical distribution of light reflected by the
surface.® Changes in surface gloss in the oral environment due
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to mechanical wear and/or chemical degradation of composite
restorations may result in unfavourable aesthetics over time.

When incident light strikes a materials’ surface, part of the
light is reflected at the boundary between the material and air.
The other part of the light is absorbed and interactions such as:
reflection, refraction, absorption, scattering and/or transmis-
sion occur throughout the restorative composite material. This
happens because of changes in the refractive index, once the
ratio of the speed oflight in a vacuum is different from the speed
of light inside.’ The back of the mouth receives little light and
appears dark. As a consequence, itis not uncommeon to observe
in Class III or IV restorations a grey effect in the composite
restoration compared with the color of the remaining tooth
tissue. This occurs if translucent materials are placed in a cavity
with no opaque structure backing, affected by the dark
background the restoration will appears dark or grey.'® Thus,
translucency and opacity are fundamental characteristics in
order to achieve aesthetic restorations with composites, since
they are indicators of the quality and quantity of reflected
light.'' The main component of a dental composite that
significantly affects the translucency is its inorganic content.*?
Moreover, the quantity, the size and the shape of the fillers
affect the light scattering in dental composites.

In the last decade several dental resin-composites were
introduced utilising nano-filler technology and thus classified
as nanocomposites or nanohybrids. The nano-fillers can be
dispersed in high concentrations within the organic matrix,
improving physical and mechanical properties of the compo-
sites after setting.'™*?” Defined as ‘“nanocomposites” these
materials appear to bring benefits such as improved surface
smoothness,™'® excellent resistance to mechanical wear, high
aesthetics due to the higher volume fraction of loads and ease of
maintenance and polishing.’®?° Thus, strongly indicated for
restorations in areas where aesthetics are indispensable.

Surface texture and optical properties can be modified by
several factors such as wear of fillers, degradation of the organic
matrix or weakening of organic matrix-filler bonding.?’ Some
studies have investigated the influence of the type, size and
volume of fillers in the optical properties of experimental dental
composites.”’?*?* Nevertheless, there is no data in the
literature about the influence of size and volume of fillers in
nanostructured composites on optical and surface properties of
the materials when they are submitted to ageing procedures. In
this study, a series of model resin-composites with systemati-
cally varied filler sizes was examined. The aim was to
investigate the effect of filler-size on (i) surface properties such
as roughness (SR), surface gloss (SG) and hardness (SH) and (ii)
optical properties such as color measurements (CIE L*a*b*
parameters), color difference (AE*) and translucency parameter
(TP) before and after ageing procedures. The hypotheses tested
were that filler-size and ageing procedure would affect: (i)
optical properties (ii) surface properties.

2. Materials and methods
2.1.  Materials formulation

The monomers 2,2 bis[4-2(2-hydroxy-3-methacroyloxypropox-
y)phenyl] propane (Bis-GMA, Esstech, Essington, PA,USA) and

triethyleneglycol dimethacrylate (TEGDMA, Esstech, Essington
PA, USA) were mixed in equal parts by weight. Camphorqui-
none (0.5% mol; ESSTECH, Essington, PA, USA) and ethyl 4-
dimethylaminobenzoate (1% mol; Sigma-Aldrich, Chemie,
Steinheim, Germany) were added as photoinitiators. The
photoinitiator/co-initiator ratio used was based on a previous
paper.”® After this, three groups were created by the addition of
the following silane-treated fumed silica nanofillers:

Gl) 7nm average diameter (R812 - Evonik, Degussa,
Germany);

G2) 12nm average diameter (R805 - Evonik, Degussa,
Germany) and

G3) 16nm average diameter (R972 - Evonik, Degussa,
Germany).

The smaller the filler size the more difficult it becomes its
incorporation into matrix. Fillers were added at 45.5 total wt%
into the organic matrix. This was the maximum wt% achieved
by hand-mixed incorporation for the group formulated with
7 nm diameter fillers (G1). Thus, in order to keep standardisa-
tion, the same filler amount (45.5%) was incorporated in the
others two model materials (G2 and G3). Table 1 describes
formulation of model composites used.

Six disc specimens (8 mm x 2 mm) were prepared from
each material. The samples were irradiated for 30 s with a light
curing unit (Radii CAL-SDI, USA) operated in standard mode
and emitting 1000 mW/cm? irradiance, as measured with a
hand-held radiometer. Specimens were then submitted to
mechanical polishing in a grinding/polishing machine (Bueh-
ler, Lake Bluff, USA) with a sequence of 2000-grit and 4000-grit
SiC papers under continuous water cooling.

2.2.  Ageing procedures

Optical and surface properties were evaluated initially 24 h
after curing and dry storage. The specimens were then stored in
distilled water at 37 °C and measurements were repeated after
10, 20, 30 and 60 days of water immersion. After 60 days of water
immersion, samples were submitted to toothbrush abrasion.
A toothbrush simulating machine (MEV2 - Odeme, Brazil)
was used to abrade the samples’ surfaces. The toothbrush
machine had six separate “stations” and separate toothbrush
holders which were driven by a motor. Hence six specimens
were concurrently but individually subjected to an equal
amount of toothbrush/dentifrice abrasion during each testing
period. Soft toothbrushes (Dr. Veit Soft, Dr. Veit Produtos
Odontolégicos, Brazil) were fixed in a toothbrush holder so
that all the bristles were in contact with the specimen. The
testing machine was adjusted to apply 2.5 N vertical load on
the specimen during horizontal movement of the toothbrush
throughout the test. A current dentifrice (Colgate Total,
Colgate-Palmolive, Manchester, UK) was used to form the
slurry (2:1, water:toothpaste) according to ISO/TS 1469-1. Each
“station” of the machine was filled with 5ml of slurry. All
specimens were brushed with inverse strokes 20,000 times, as
measured with an incorporated metre. This corresponds to
approximately 2 years of toothbrushing.?® The toothbrushes
and the slurry were replaced for each specimen every 2500
cycles. After abrasion, specimens were removed from the
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Table 1 - Formulation of model composites evaluated

Average filler size Type of filler

Filler fraction (wt%)

Matrix fraction (wt%) Matrix formulation

Gl 7 nm (Evonik R812) Fumed Silica (SiO,) 45.5
G2 12 nm (Evonik R805) Fumed Silica (SiO,) 45.5
G3 16 nm (Evonik (R972)  Fumed Silica (SiO,) 45.5

54.5 BisGMA (64.5%) + TEGDMA (35.5%)
CQ (0.5 mol%) + EDMAB (1.0 mol%)
545 BisGMA (64.5%) + TEGDMA (35.5%)
CQ (0.5 mol%) + EDMAB (1.0 mol%)
54.5 BisGMA (64.5%) + TEGDMA (35.5%)

CQ (0.5 mol%) + EDMAB (1.0 mol%)

machine, rinsed with tap water, cleaned in an ultrasonic bath
with distilled water for 5min, and gently air dried. The
measurements of optical and surface properties were repeated.

For surface hardness (SH) evaluation, all specimens were
measured initially 24 h after curing and dry storage and after
immersion in absolute ethanol for 7 days.

2.3. Optical properties measurements

Color was measured according to the CIE L*a*b* parameters in
the reflectance mode, with the SCI mode,?’ over a zero
calibrating box (CIE L*=0.0, a*=0.0, and b*=0.0), a white
background (CIE L*=93.2, a*=-0.3, and b*=1.6) and a black
background (CIE L*=0.5, a*=0.7, and b*=-0.6) using a
spectrophotometer with illuminating/measuring geometry d/
8° (CM-2600d, Konica Minolta, Japan). The size of measuring
aperture used was 3 mm of diameter. Illuminating and viewing
configurations complied with CIE 10° observer geometry and
D65 illuminant. An average of three readings (in the centre of
top surface) for each sample was calculated. CIE L*, a*, and b*-
values were automatically calculated by the machine. The CIEL*
axis is the lightness, where 100 is white and 0 is black. The axes
CIE a* and CIE b* are the red-green and yellow-blue chromatic
coordinates. A positive CIE a* or CIE b* value represents ared or a
yellow shade, respectively. Measurements were obtained 24 h
after polymerisation under dry and dark conditions and after
immersion in distilled water for 10, 20, 30 and 60 days, and after
toothbrush abrasion (20,000 brushing cycles).

The color changes, AE*, were calculated from the single color
values CIE L%, CIE a* and CIE b* according to the following formula:
AE* = (AL + (8a")? + (ab")] )
where AL*, Aa* and Ab* represents the mathematical differ-
ences between each parameter (CIE L* CIE a* or CIE b*) at
different periods of time compared with initial values (24 h
after curing).

Translucency Parameter (TP) was calculated by using the
formula:

. 1/2
TP = (L, — L§)? + (@, 7

- aj)* + (b, — bp)
where the subscript “w”’ refers to CIE L*a*b* parameters for
each specimen on the white background and the subscript “b”

refers to values for specimen on the black background.
2.4.  Surface properties analysis

2.4.1. Surface roughness

A surface profiler (SJ-201 - Mitutoyo, Japan) was used to
measure the surface roughness. The diamond stylus was
traversed at a constant speed of 1 mm/s across the surface

with a force of 6 mN. Six line scans were performed per
specimen surface, three in horizontal and three in perpendic-
ular directions. The cut-off length was 0.25mm and the
measuring length 2mm. An average of six readings per
specimen was used. The amplitude parameter R,, which
relates the arithmetic mean between the peaks and valleys of
the surface, was used.

2.4.2. Surface gloss

The gloss was measured with a glossmeter (ZGM 1110 -
Zehntner, Switzerland) which was calibrated against a black
glass standard provided by the manufacturer. Measurements
were performed at 60° light incidence and reflection angles
relative to the vertical axis.®>'*?*=° The measuring window
was 4.7 mm x 2 mm.

2.4.3. Surface hardness
Knoop hardness values was measured on the irradiated
surfaces using an indenter (Micromet 5104 - Buehler, Japan)
under a load of 25g applied for 15s. Measurements were
performed at five locations on each specimen, and the average
Knoop Hardness Number (KHN) was recorded as the hardness
for a given specimen. The measurements were taken initially
after curing and repeated after 7 days immersion in absolute
ethanol.?*?

Data were submitted to two-way analysis of variance
(ANOVA) followed by Tukey’s test, at a 5% global level of
significance.?®

3. Results

Fig. 1 presents values of CIE L*, CIE a* and CIE b* of each group,
over time on water storage and after the toothbrush abrasion.
For all groups immersion in water for 60 days significantly
decreased CIE L* values (p < 0.05). On the other hand, after
toothbrush abrasion CIE L* values increased (p < 0.05) com-
pared with immersion for 60 days in water. Materials
formulated with larger filler size (G3) revealed higher CIE L*
values (p < 0.05) than medium and smaller filler sizes (G2 and
G1). Although, there was an increase in CIE a* values after
immersion in water for 60 days in all groups evaluated, there
was no statistical difference among them (p > 0.05). On the
other hand, there was a significant decrease in CIE b* values
after immersion in water for 60 days for all groups evaluated
(p < 0.05) affected by the filler sizes. According to the results
G1 had the highest CIE b* values, whereas G2 (p < 0.05) had
higher values than G3 (p < 0.05) either before or after water
immersion. Thus, the smaller the filler size the greater the
yellowing effect, which in turn was reduced with water
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Fig. 1 - CIE L*a*b* values of model composites over time of water storage and abrasion.

storage. Toothbrush abrasion did not produce any statistically
significant effect on CIE a* and CIE b* values.

Fig. 2 displays AE* and TP values after ageing procedures for
each material. Filler size did not influence the color difference
(p > 0.05), although a tendency was observed to lower AE*
values in smaller filler materials (G1). Water immersion and
toothbrush abrasion affected AE* values (p <0.05). In all
groups TP values decreased after ageing procedures (p < 0.05)
and it was not affected by the filler size (p > 0.05).

All materials exhibited very smooth surfaces before
toothbrush abrasion. R, values ranged from 0.03 to 0.06 pm
and 0.76 to 0.90 pm before and after ageing respectively.
Surface roughness (R, parameter) was influenced by the filler
size. According to the initial values (24 h after curing) larger
filler size (G3) presented rougher surfaces than medium (G2)

and smaller (G1) filler materials (p < 0.05). After water storage
R, values increased for all materials with no significant
statistical difference among the groups. Nevertheless, after
toothbrush abrasion an exponential increase of surface
roughness values were observed among filler size. The larger
filler sizes also revealed higher surface roughness values
followed by the medium and smaller fillers (p < 0.05).
Surface properties results are presented in Fig. 3. Gloss
values ranged between 67.5 and 92.0 GU before abrasion and
between 40.0 and 48.8 GU after toothbrush abrasion. For all
materials a statistically significant reduction in gloss was
observed after immersion in water (p <0.05) and after
toothbrush abrasion (p < 0.05). Gloss retention comparison
among the different materials was performed by determining
the percentage change in gloss for a given material between
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Fig. 2 - AE* and translucency parameter (TP) values of model composites over time of water storage and abrasion.

the immediate reading and after ageing procedures. According
to this percentage, composites formulated with larger filler
sizes (47.8%) presented less gloss retention than medium
(46.9%) and smaller filler (40.7%) composites.

Regarding surface hardness, after 7 days immersion in
absolute ethanol, all materials were significantly softer than
after 24 h after curing. Before and after immersion larger filler
size presented higher KHN values (p < 0.05) than medium and
smaller filler size which produced similar outcomes.

4, Discussion

Nano filler size composites may have optical features that
promote aesthetic matching of restorative materials with
surrounding dental hard tissues. In comparison with hybrid
resin-composites, nanofillers are believed to offer improved
mechanical and optical properties.>* However, there is no
consensus on the benefits of these materials, especially in
relation with their long term clinical performance.

Optical properties were influenced by ageing procedures
and filler size, thus first hypothesis was accepted. Immer-
sion in water for 60 days produced significant changes in CIE
L*a*b* parameters. For the CIE L* values were reduced after
water storage in all materials evaluated. This darkening
effect produced by water remained stable from day 10 up to
day 60 of evaluation, which might be related to the fact that
water sorption could have stabilized after 10 days. For the
evaluation of CIE a* and CIE b* parameters, a redness and a
blueness effect, were respectively detected after water
storage in all groups. In contrast, toothbrush abrasion
produced an increase in lightness (CIE L*) compared with
initial measurements and did not produce any changes in
CIE a* and CIE b* values. In G1 and G2 the darkening and
yellowing effects were more evident than in G3. Changes in
CIE L*a*»* parameters due to water storage could be
explained by hydrolysis.

Color stability is critical to the long-term clinical aesthetic
performance of restorations. Regarding AE* values, after water
immersion values increased in all groups but were not affected
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by filler size. G1 showed a tendency of better color stability and
presented lower AE* values (AE* = 4.7 after 60 days in water and
AE*=3.6 after abrasion). This can be explained by a more
homogeneous distribution of the fillers of the matrix resin,
compared with larger fillers, and also by the process of
silanisation.®* Color changes in composite materials may be
caused by intrinsic and extrinsic factors. Intrinsic factors such
as the alteration of the organic matrix and/or at the interface
between matrix and fillers by water seems to influence AE*
values over time. It has been shown in the literature that AE*
values above 1 are perceptible with the naked eye®® and AE*
values similar or superior to 3.3 are considered clinically
unacceptable.”’*®* The AE* values, in this study, ranged
between 3.0 and 5.7. The color changes observed are due to
colored oxidation products forming from the amine co-
initiator. The more the filler scatters light, the less noticeable
and measurable is this color change, primarily in CIE b*. The
smaller the scattering centres, the less the light is scattered in
the visible range. Still, all of the filler sizes used were in arange
(7, 12, and 16 nm) well below the visible range (>400 nm) and
thus “nominal” size wouldn’t be expected to have an effect on
visible-range scattering.

If there is a mismatch in refractive indices between filler
and matrix, the filler will increase light scattering resulting in
opaque materials. If the opacity of composite increases, the
refractive index difference between filler and organic matrix
also increases.®* Thus, among several factors, filler sizes may
affect translucency of dental composite materials. If filler size
is far below the wavelength of visible light, it will not scatter
the light or absorb the light, resulting in the human eye’s
inability to detect the fillers. Thus, dental composites with
nano-fillers produce superior translucency and deliver opti-
mal aesthetics.® After water immersion and toothbrush
abrasion the translucency parameter was significantly de-
creased, however no differences among filler sizes were
observed. As reported in others researches,'®*° the CIEL*a*b*
values tended to reduce when the materials were placed over a
black background in comparison with a white background.
The black background may be used to simulate the dark
background of the mouth in extensive Class III or IV
restorations. For this type of cavities little or no existing tooth
structure surrounds the restoration to provide a base for
reflected or transmitted color. Composites show more dark,
greenish and bluish aspects over a black background, which
explains the grey effect in some extensive Class III or IV
restorations.’®

Filler sizes and ageing procedures produced significant
changes on surface properties; hence the second hypothesis
was accepted. Water immersion and toothbrush abrasion
increased surface roughness values in all groups. G3 had the
rougher surfaces and showed a larger increase in R, values
than G2 and G1 after ageing procedures. In resin-composites,
abrasion commonly takes place through a gradual removal of
the organic matrix. This eventually leaves the fillers unsup-
ported and susceptible to exfoliation.** As a result, when
larger filler particles are plucked out, a rougher surface is
expected. Therefore, materials with smaller filler sizes were
more resistant to toothbrush abrasion. This could be related to
their inter-filler spacing, which increases as filler size
increases, thus decreasing the inter-filler spacing was the

key for improving wear-resistance of composites.** Fillers in
close proximity protect the softer resin-matrix from abrasives
and produce a larger contact area between fillers and the
antagonist, thus reducing wear.*> Toothbrush abrasion of
composite materials varies in accordance with the type of
composite,”® type of toothpaste,** and the nature of tooth-
brush employed.*” The toothbrush was kept in contact with
the specimens with a standardized force through a toothbrush
holder. As matrix was the same for all groups, the only variable
influencing the results was the inorganic content of model
composites.

Differences in gloss between a restoration and surrounding
enamel are clinically relevant as the human eye can easily
detect differences in gloss even if their color is matched.** On
the other hand, high gloss reduces the effect of a color
difference, since the color of reflected light is predominant
rather than the color of underlying composite material.*® The
angle of illumination affects the amount of reflected light.
According to Silikas et al.*’ 60° light incidence is considered
more reliable from a clinical perspective, since it is closer to
the perception of tooth gloss by an observer. Higher gloss
values indicate smooth and high-lustre surfaces.*® For all
materials tested the surface became statistically less glossy
after ageing procedures, but without a correlation with the
size of fillers (r=0.340; p =0.371). Light reflectivity seems,
therefore, to be related to mean filler size and to homogeneity
of the filler-matrix complex. According to Lee et al.?® larger
fillers and lower homogeneity of the filler-matrix complex
results in inferior light reflectivity. Although, G1 and G2
presented lower values of gloss units than G3, these groups
presented higher percentage of gloss retention. In other
words, this outcome means that the larger the filler size,
the lower the gloss retention after ageing procedures. The
decrease in gloss, was reported in others studies with
commercial composites®®*>*° and there was a negative
correlation with surface roughness.

Regarding the surface hardness, immersion in absolute
ethanol resulted in a significant decrease of surface hardness
for all groups. Due to the higher amount of [-OH] present in the
ethanol, a higher absorption occurs by the polar portion of the
matrix, causing swelling of the material. This dimensional
change in the matrix causes stress at the matrix-silane-filler
particle interfaces, resulting in degradation of the bond. As a
consequence, inorganic particles detach from the surface,
causing an increase in surface roughness and consequently
reduction on the surface hardness of the specimens.*° Either
before or after ageing procedures, larger filler sizes presented
higher KHN values compared to medium and smaller filler
materials. As proposed by Moraes et al.>! it seems that the
larger the filler particle, the higher the resistance of surface to
indention.

In general, nano-filler structured composites are very
difficult to process with conventional techniques. There is a
strong tendency of fillers to agglomerate, which is hard to
overcome by limiting the shear force during compounding.
The smaller the filler, the more difficult it becomes to break
down these agglomerates to result in a homogeneous
distribution within the organic matrix.°? In this study the
inorganic filler and the organic matrix were manually hand-
mixed and there was a possibility to generate clusters inside
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the inorganic phase as well as not-equally distributed filler
within the material, affecting how light interacts with the
composite. Although all care was taken to standardize all
factors involved in the current study, the used fillers have
different silane coverages and were used as received. This is
important to be considered since the silane layer may also
influence the final optical properties.”® Additional studies
have now been conducted by this research group in order to
elucidate the interaction between the filler size and the silane
treatments over the final optical properties.

Previous studies have used commercially available com-
posites to study the influence of the filler size on the optical
properties. In example, Janus et al.>* studied the surface
roughness and morphology of a hybrid composite (Tetric
Ceram, Ivoclar) and three nanocomposites (one ‘‘pure”
nanofilled composite, Filtek Supreme/3MESPE; and two
“nano-hybrid” composites, Grandio/Voco; Synergy D6/Col-
téne) and verified a positive correlation between the average
filler size and the surface roughness. On the opposite way,
Berger et al.>® investigated the influence of filler size and
finishing systems on the surface roughness and staining of
three commercial dental composites (‘“nanofilled” Filtek
Supreme/3MESPE; “minifill” Esthet-X/Dentsply, and “micro-
fill” Renamel Microfill/Cosmedent) and concluded that the
smallest filler size does not necessarily result in a low surface
roughness and staining susceptibility. In the same direction,
Goniilol and Yilmaz®® evaluated the effects of different
finishing and polishing techniques on the surface roughness
and color stability of commercial composites (two ‘“nanohy-
brid” composites, Grandio/Voco and Aelite Aesthetic/Bisco,
two ‘“nanofillied” composites, Filtek Supreme XT/3MESPE -
Dentine and Translucent, and a “microhybrid” composite,
Filtek Z250/3M/ESPE) and concluded that composites with
smaller filler size did not necessarily show lower surface
roughness and discoloration than the others and, further-
more, the authors stated that staining of composite resins
was dependent on monomer structure and surface irregular-
ities. As it can be seen, studies that use commercially
available composites have found conflicting results and this
may be expected since such materials do not differ only in the
filler content. Differently, the model composites evaluated in
the current research were a solely a mixture of organic
monomers, inorganic fillers surrounded by a coupling agent
and a photo-initiator/co-initiator system. Therefore, the
major contribution is the fact that the main factor influencing
the results — regarding the materails’ composition — was filler
size.

5. Conclusions

Within the limitations of the current study, the authors
conclude that:

- Filler sizes influenced the optical and surface properties of
the nanostructured composites evaluated in this study.

- Distinct advantages of smaller and medium up to larger
fillers were shown regarding to color difference, gloss
retention and surface roughness;

- All materials evaluated were affected by ageing procedures.
Optical and surface properties were adversely affected by
immersion in water and toothbrush abrasion.
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